JL 82 is a known binary, consisting of an sdB star and a companion which is not directly observable in the optical. Photometric measurements reported in this paper show it to variable with both the binary period (∼0.75 d), as well as on much shorter time-scales. The shorter periods are ascribed to pulsation of the sdB star, making it a member of the PG 1716 class of pulsating stars.
−0.09, (J − K S ) = −0.19 and (B − J) = −0.68 indicate that any main-sequence companion to the sdB star should be of later type than M2, according to fig. 1 in Reed & Stiening (2004) .
The lower limit of 0.1 M derived by Edelmann et al. (2005) for the secondary star mass rules out a brown dwarf companion. The reflection effect reported below excludes any hot secondary: it is therefore concluded that the unseen component of the binary is an M dwarf, with mass in the approximate range 0.1-0.4 M . This paper describes the results of several photometric observation runs on JL 82, which led to the discovery that it is not only a reflection effect binary, but also that the hot subdwarf star pulsates. The experimental work is described in Section 2, and the analysis of the data in Sections 3 and 4. The results are discussed in Section 5.
T H E O B S E RVAT I O N S
All measurements were made with the South African Astronomical Observatory (SAAO) STE4 CCD camera mounted on the SAAO 1.0-m telescope at Sutherland, South Africa. The field of view of the camera on the telescope is 5 × 5 arcmin 2 . Pre-binning of the images was performed throughout, giving a reasonable readout time of about 17 sec. Observations were cycled through the B, V and I C filters -see Table 1 for an observing log.
Photometric reductions were performed using an automated version of DOPHOT (Schechter, Mateo & Saha 1993) . Profile-fitted magnitudes were used -the scatter in these was usually marginally smaller than in the aperture photometry. Differential measurements with respect to two of the three brightest stars in the field of view, JL 82B and JL 82C (Landolt 2007) , were calculated (JL 82A was too bright). Nightly zero-points were set by the mean magnitude of the two local comparison stars.
The results are plotted in Figs 1 (B), S1 (V) and S2 (I C ) (see Supporting Information). There are obviously two time-scales of variability: one of about 0.05 d (roughly an hour), the other longer than the longest of the runs (i.e. longer than 8 h). Another view of this information is presented in Fig. 2 , in which the amplitude spectra of the three data sets are plotted. Concentrations of power around 2, 14 and 25 d −1 are clearly visible. The amplitudes of the two higher frequency power excesses decrease with increasing wavelength; the reverse applies to the low-frequency variations.
Pre-whitening the data by a low-order polynomial removes variations with frequencies below about 4 d −1 . The remaining higher frequency content is discussed in the next section of the paper, while Section 4 deals with the low-frequency variations.
T H E S H O RT E R T I M E S C A L E VA R I A B I L I T Y
The rapid variations are easily extracted by pre-whitening the individual light curves by second-order polynomials. Nightly amplitude spectra for each of the three filters are plotted in Figs 3-5 . Inspection of the figures shows the following. (ii) For a given night, peaks in the spectra appear at roughly the same frequencies in the data for the different filters.
(iii) There is considerable variation in the shape of the spectra from night to night -see particularly the spectra in the bottom three panels (which correspond to the three longest observing runs).
(iv) A close look at the spectra for the last three nights none the less suggests that peaks recur at the seven frequencies marked in the middle panel of Fig. 4 . The recurrences are both night-to-night and filter-to-filter.
(v) The amplitude of a peak at a given frequency varies from night-to-night -see, e.g., the principal peak near 25 d −1 (marked '6' in Fig. 4) .
(vi) At a given frequency, the ranking of the amplitudes amongst the three filters can change from one night to another. As an example, compare the heights of the principal peaks on HJD 2454730 and HJD 2454732: the ranking changes from I − B − V to B − V − I. Assuming the same frequency content is to be seen in all filters, this suggests that the phases are not the same in the different wavebands.
For each of the three filters, the nightly detrended data were next combined, and frequencies extracted. The procedure followed was: (i) calculate the amplitude spectrum of the data over the frequency interval 0 < f < 35 d −1 (suggested by Figs 2-5); (ii) note the frequency f 1 at which the spectrum reaches an overall maximum; (iii) using linear least squares, fit a sinusoid with frequency f 1 to the data; (iv) subtract the fitted sinusoid from the data (i.e. 'pre-whiten' the data by f 1 ) and (v) repeat steps (i)-(iv) on the pre-whitened data until it appears that all 'signals' have been extracted from the data.
An illustrative example of pre-whitened spectra can be seen in Fig. 6 , while the extracted frequencies are in Table 2 . The following remarks can be offered.
(i) Only the two largest amplitude modes can be firmly identified in all three data sets: equating frequencies found in the different filters for all other modes is tentative, based on likely aliases.
(ii) It is possible that the second frequency is an aliased subharmonic of the first frequency. Table 4 : for example, the third panel shows the spectrum after removal of 24.965, 13.47, 10.24 and 25.59 d −1 . Note the different vertical scales of the different panels. Table 2 . An inventory of amplitude spectrum peaks in the range 0 < f < 35 d −1 , for each of the three data sets.
24.965 (7) 24.972 (7) 24.963 (6) 4.5 (3) 3.9 (3) 4.0 (2) 13.47 (1) 14.50 (1) 14.47 (1) 2.3 (3) 1.9 (3) 1.9 (2) 10.24 (2) 10.13 (2) 11.34 (2) 1.6 (3) 1.0 (2) 1.0 (2) 25.59 (2) 26.46 (2) 25.49 (2) 1.5 (3) 1.1 (2) 1.1 (2) 10.71 (2) 1.5 (3) 23.47 (2) 21.39 (2) 21.36 (2) 1.2 (3) 1.4 (2) 1.1 (2) 4.62 (2) 4.56 (2) 4.35 (2) 1.1 (3) 1.1 (2) 1.3 (2) 9.43 (2) 9.56 (2) 9.57 (4) 1.1 (3) 1.3 (2) 0.6 (2) 16.57 (2) 16.64 (3) 1.0 (2) 0.9 (2) 26.14 (3) 25.22 (3) 24.13 (3) 0.9 (2) 0.9 (2) 0.7 (2) 21.29 (3) 21.10 (3) 0.9 (2) 0.7 (2) 11.03 (3) 11.92 (3) 0.9 (2) 0.9 (2) 4.96 (3) 5.02 (2) (iv) It is curious that there are not even tentative counterparts in the V and I data for the 10.71 d −1 mode found in the B-band data. (v) For the four highest amplitude modes, the B-band amplitudes are consistently higher than those seen in V and I; the V and I amplitudes are essentially equal.
(vi) The lowest frequencies (around 4.6 d −1 ) are again found in the analysis reported in Section 4 (see Table 3 ). The amplitudes in Table 2 are considerably lower, which is to be expected given the filtering of low-frequency power. It is noteworthy that the B and V (2) 4.47 (1) 3.460 (7) 2.7 (3) 2.5 (2) 4.4 (3) 1.935 (9) 3.4 (3) amplitudes of this mode are similar, while the I-band amplitude is larger.
It would obviously be useful to have some idea of the statistical significance levels of the entries in Table 2 , but it is not clear how these could be calculated. There are, of course, the usual problems posed by periodograms -particularly issues with non-white noise, aliasing, the presence of multiple signals and the erosion of significance levels by multiple hypothesis testing. In this paper, the identification of possibly important frequencies is based primarily on their recurrence in the data from different filters. This seems a reasonable approach to take, but the author is not aware of any study which deals with significance levels of the results. This is perhaps not surprising, because, in addition to the problems posed by the interpretation of ordinary periodograms, there are additional difficulties such as the slightly different aliases in the different data sets, and the effects of the (largely unknown) uncertainties in the frequencies extracted from the data for the different filters. It also seems that a formal approach should make use of the relative amplitudes expected for the signals seen through different filters. The results presented in this paper should therefore be seen as tentative. The author has chosen to err on the side of including too much, rather than too little, in order to provide as much information as possible for comparison with more extensive studies.
Standard procedure involves a further step in which the frequency set extracted by successive pre-whitening, is used as a basis for further iteration in simultaneous non-linear least-squares fitting of all frequencies, amplitudes and phases. The author does not deem the quality of the current data sufficient for this to be meaningful. Fig. 7 gives a finer resolution view of the low-frequency sections of the amplitude spectra in Fig. 2 . Three sets of aliases are visible in the spectra; these are at roughly (0.31, 1.33, 2.34), (0.72, 1.75, 2.78) and (0.93, 1.95, 2.99) d −1 in the case of the I-band data. The most prominent feature evidently corresponds to the spectroscopically determined binary period 0.7371 (5) could perhaps be due to slight mismatches in the nightly zeropoints -note that these are much more prominent in the B band, which is considerably more susceptible to the effects of differential extinction (remember that JL 82 is much bluer than the comparison stars). A possible origin for the remaining set of frequencies is the first harmonic f = 2.71 d −1 of the binary frequency. It seems prudent to first pre-whiten frequencies above 6 d −1 or so from the observations, particularly in the case of the B band. Once this has been done, successive pre-whitening gives the results in Table 3 . As may have been anticipated from the light curves in Figs 1, S1 and S2, the amplitude of the binary variation increases with increasing wavelength. The 1.65 d −1 frequency can now with greater confidence (than 1.75 d −1 found above) be identified as an alias of twice the binary frequency of 1.33 d −1 . Comparison with Table 2 also shows that the lowest frequencies there may have been recovered as the highest frequencies in Table 3 .
T H E L O N G E R T I M E S C A L E VA R I A B I L I T Y
Since the amplitude in the I band is much larger, and the I-and V-band frequencies very similar, f = 1.326 d −1 (P = 0.7541d) is adopted as the most reliable estimate for the binary frequency. In Fig. S3 , the data are shown phased with respect to this frequency.
D I S C U S S I O N

The rapid variations
The most likely explanation for the short-period variations is pulsation of the sdB star. There are two classes of pulsating sdB stars: the rapidly pulsating EC 14026 stars with periods in the range 2-9 min (e.g. Kilkenny 2007 ) and the slowly pulsating PG 1716 stars with periods typically 1-2 h (e.g. Fontaine et al. 2006) . The effective temperature of 25 000 and gravity log g = 5 determined by Edelmann (2003) , and the range of periods in Table 2 , place JL 82 amongst the latter group of stars. JL 82 is the 10th PG 1716 star for which pulsation frequencies appear in print -its predecessors are PG 1716+426 (Green et al. 2003; Reed et al. 2004 ), Balloon 090100001 (Oreiro et al. 2004; Baran et al. 2005; Baran, Pigulski & O'Toole 2008) , PG 0101+039 (Randall et al. 2006a ), PG 1627+017 (Randall et al. 2006b ), PG 1338+481 (Randall et al. 2006c ), HS 0702+6043 (Schuh et al. 2006; Lutz et al. 2008) , EC 21324−1346 ), KPD 0629−0016 (Koen & Green 2007 ) and HS 2201+2610 (Lutz et al. 2008) . The frequencies observed in each of these stars are summarized in Table 4 . (Further analyses, followed by time-resolved observations, have shown the slow pulsations claimed for HE 0230−4323 by Koen 2007 to have been aliases of rapid pulsations. This star is therefore not included in Table 4) .
Inspection of the table shows that aside from JL 82, frequencies below 10 d −1 (periods longer than 2.4 h) have only been found in PG 1627+017 (9.7 d −1 ) and PG 1338+481 (9.1 d −1 ). There are several possible reasons why periods longer than 3 h have only been found in JL 82: (i) these long periods are due to unmodelled aspects of the binary (reflection effect) variability, (ii) the long periods are due to uncorrected differential extinction, (iii) the periods are real pulsation periods, but rare, (iv) such long periods are also present in observations of other PG 1716 stars, but have been undetected due to the data analysis procedures (e.g. trend removal). As far as JL 82 is concerned, the first explanation seems unlikely. The only apparent connection between the ∼4.5 d −1 period in Tables 2 and 3 and the binary frequency of 1.34 d −1 seems to be via a 1 cycle d −1 alias of the fourth harmonic at 5.36 d −1 , but this is doubtful in the absence of good evidence for the presence of the third harmonic. Differential extinction also appears an unlikely culprit, as the amplitudes of the low-frequency features do not increase with decreasing wavelength of the observations. The author favours explanation (iv), since it is common practice to filter out frequencies in period intervals in which no variability is expected.
It would be interesting to see whether the long periods in JL 82 are spectroscopically detectable. However, this could only be used to confirm that these variations are intrinsic to the star, and not to disprove their existence: this follows because not all modes which are photometrically visible are necessarily spectroscopically detectable (e.g. Baran et al. 2008) .
It is perhaps worth noting that the amplitude of the most prominent periodicity in Table 2 is amongst the largest seen in any of the PG 1716 stars. It also appears to have a particularly rich mode spectrum.
The slow variations
The most reasonable explanation for the photometric variability on the binary time-scale is that it is due to a reflection effect. Since the amplitude of the reflection effect increases with increasing wavelength, being largest in the I band, it may be concluded that the illuminated area on the otherwise unseen companion star is relatively cool. This indicates a red dwarf secondary star.
A number of attributes of the binary components can be deduced. It was mentioned in Section 1 that there is a lower limit of 0.1 M on the secondary mass, and it was also deduced that the spectral type is M2 or later. Using fundamental properties of M dwarfs given in Reid & Hawley (2000; table 4 .1), the following limits can be set: spectral type M2-M6, mass M 2 = 0.44-0.1 M , radius 0.44-0.15 R and T eff in the range 3400-2600 K. Since log g = 5 for the primary (Edelmann 2003) , R 1 = 0.37 R for the canonical sdB mass M 1 = 0.5 M .
It is interesting to consider whether there is consistency between these physical parameters and the low-frequency amplitudes measured through the different filters. For a given filter, the expected peak-to-peak amplitude is roughly given by m ≈ −2.5 log R
where F 1 , F 2 , F h are, respectively, the blackbody fluxes from the subdwarf, the cool (unheated) hemisphere of the M dwarf and the heated hemisphere of the M dwarf. For the subdwarf, adopted parameters are a temperature T 1 = 25 000 K and radius R 1 = 0.37 R . The remaining unknowns, namely the radius R 2 and temperature T 2 of the secondary and the temperature T h of the heated hemisphere, can be obtained by fitting the three predicted amplitudes to the observed values. The latter task is performed as follows: (i) assume a value for T 2 , (ii) minimize
with respect to T h and R 2 (where the predicted amplitudes are calculated from equation 1), (iii) repeat (i) and (ii) for a range of plausible secondary star temperatures and (iv) select, from amongst the possible solutions, pairs (R 2 , T 2 ) which correspond to real stars.
Solutions for R 2 and the heated hemisphere temperature are plotted in Fig. 8 as a function of the secondary star temperature T 2 . The ranges in both of the variables are surprisingly narrow. Consistency between T 2 and R 2 requires that the secondary be of spectral type close to M5, for which Reid & Hawley (2000) give a temperature of 2800 K and radius 0.2 R . (The radii of M4 and M6 stars are 0.26 and 0.15 R , respectively). The corresponding mass is 0.14 M .
The binary separation A follows from Kepler's third law:
where A is in solar radii, the primary and secondary masses in units of M and the period P in days. Substituting P = 0.754, M 1 = 0.5 and M 2 = 0.14, A = 3.0 R is obtained. 
C. Koen
The mass function of the secondary star is given by Edelmann et al. (2005) as f (M 2 ) = 0.0031. With the value of M 2 obtained above, an inclination angle i = 51
• follows. As a consistency check, note that
• , since the system shows no eclipses. There are currently nine sdB+M binaries known , or perhaps 10 if the very late type secondary star in HE 0230−4323 (Edelmann et al. 2005; Koen 2007 ) is an M dwarf (rather than being of even later spectral type). Amongst these, the 0.75-d period of JL 82 is by far the longest: next in line would be HE 0230−4323 (Edelmann et al. 2005; Koen 2007 ) with P = 0.45d. Only three other systems have periods longer than 3 h . It is thought that systems such as JL 82 will evolve into cataclysmic variables (e.g. Schreiber & Gänsicke 2003) .
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